The stability of GO, GO-5' and M13 in DIW with representative mean absorbance intensities at specific wavelengths taken in triplicates are shown in the Table S1 (M13 at 269 nm, GO and GO-5' at 230 nm). Concentrations for M13 and GO were calculated with the Beer-Lambert-Bouguer law and the calibration curves of Fig. S1f respectively. The precipitation values refer to the amount of GO or M13, expressed in percentage, that was precipitated after centrifugation, and they were calculated using the difference between the sample and the respective supernatant concentrations. Figure S2 | UV-Vis analysis for components stability. The bars show the amount of GO, GO-5' and M13 left in the supernatant after centrifugation. This bar chart corresponds to the data in Table S1 . Error bars represent mean ± SD. Statistical significance was assessed performing 2-way ANOVA with post hoc Tukey's multiple comparisons tests ****p < 0.0001. Table S3 . This table shows the charged amino acids and their corresponding pKa referred to a specific part of the molecule (pKa 1 ) 2 . Moreover, the alternative pKa 2 and the exposure to the solvent of these amino acids were calculated with PROPKA [3] [4] [5] . This software predicts the amino acids pKa considering the presence of the near chemical groups that can alter their standard pKa. These amino acids were divided into three groups based on their position such as the external surface of the phage (white), the middle part of the PVIII protein (light grey) and the internal cavity of the viral capsid (dark grey) 6 . Fig. 4c-e . The concentrations of starred samples (*) were calculated using the Beer-LambertBouguer law (Absorbance values at 269 nm), while the concentrations of the non-starred once were calculated using the calibration curves of Fig. S1f (Absorbance values at 230 nm). The precipitation values refer to the amount of GO or M13, expressed in percentage, that was precipitated after centrifugation, and they were calculated using the difference between the sample and the respective supernatant concentrations, also considering the precipitation percentage of the individual component.
Effect of pH on GO and M13 electrostatic charges

M13 amino acid
UV-Vis analysis of GraPhage13 hydrogel at constant pH and inverted mixing
Density and surface are measurements
The estimation of GPA density was impossible via a pycnometer or the X-ray micro-CT analyses (data not shown), due to the equipment resolution limits. Given the small dimension and irregular shape of each sponge sample, as well as its extremely low weight, for the calculation of the density, an alternative method was adopted. The latter consisted of demonstrating that the volume of GPA was not varying considerably compared to the volume of the GPH used for its production and therefore, a microbalance was used to weigh the individual sponge and the volume of GPA could be correlated, accordingly. To estimate the change in volume between GPH and GPA, a rotating stage with a fixed camera was used, and each GPH sample was photographed at 0°, 90°, 180° and 270°. Once dried, the fresh GPA was photographed in the same way, and the profile pictures of GPH (red) and GPA (blue) were overlapped (Fig. S5 and Table S5 ). The comparison of the areas in pixels of GPH and GPA shows that there is a difference of 0.4%, therefore, it is reasonable to assume that GPA and GPH have the same volume (50 mm 3 ). To measure the weight of an individual sponge, a microbalance of a Dynamic Vapour Sorption apparatus (DVS Advantage -Surface Measurement Systems ® ) was employed. The average weight of each individual sponge was divided by the average volume giving an ultra-low-density of 8.82 ± 0.03 mg cm -3 . The following SEM/EDX results (Fig. S9-11 and Tables S7-9) show GO, M13 and GraPhage13 respectively. In particular, for each sample, a pink line defines the areas where the EDX spectra were collected (3 spectra per sample). Moreover, the presence of each detected element expressed in percentage, and the average across the repeated acquisition at different locations of the same sample is shown in Table S7 -9. Figure S10 | M13 SEM/EDX. SEM images of M13 with the areas where the EDX spectra (Fig. 5) were collected. Figure S11 | GraPhage13 SEM/EDX. SEM images of GO-M13 0303-5' with the areas where the EDX spectra (Fig. 5) were collected. 
Scanning Electron Microscopy and Energy Dispersive X-ray (SEM/EDX) Spectroscopy
Raman spectroscopy and analyses of GraPhage13 aerogel
We demonstrate the fitting procedure to get the best fit that we presented. We subtracted the spectrum by a straight line to make it flat. We fitted the spectrum by Lorentzians for peaks and Fourier series for the background. We compared the BIC and residuals from fittings using various numbers of Lorentzians and Fourier terms and obtained the optimal. Two examples of the best fit of the spectra of M13 at 633 and 785 nm were presented in Fig. 6b, c. 
7.1.
Fitting results of the Raman spectra collected at 633 nm Table S10 summarises the frequencies of the optimal fits for each of the four spectra shown in Fig. 6a along with the corresponding widths and amplitudes, P for position, W for width and A for the integrated area. At the excitation wavelength of 633 nm, the fitted two peaks in Table S10 of GO-M13 PC arise from the GO, as their position, width and intensity ratios are in a good agreement with the second and third fitted peak in the GO. The two peaks of the GO-M13 PC spectrum correspond to the unmodified sp 2 and sp 3 bonds of the GO 7 .
The value of P1 in the sponge is very close to P2 in the GO. W1 in the sponge is the same as W2 in the GO. P1 in the sponge is likely from the sp 3 of GO. Similarly for the second peak observed for the sponge which can be, therefore, attributed to the unmodified sp 2 of GO. Furthermore, since the intensity ratio of the sp 3 to sp 2 peaks is ~2:1 in the GO, the ratio in the sponge should be 2:1, but it is not until we assign not only the second but also the third fitted peak of the sponge in Table S10 to the sp 2 . The third peak is blue-shifted by 20 wavenumbers from the sp 2 of GO. Therefore, in the assembled GO-M13 sponge approximately 30% of sp 2 bond from GO, is stiffened by ~2%. These results solidify the proposed sponge-formation mechanism, in which interaction between the two components is critical.
The values of the coefficients of the Fourier series from the best fits for each spectrum are listed in Table S11 . Table S12 . More Raman modes are in resonance, and therefore appear to be seen. The situation is more complicated, but the key conclusion stands that in the sponge, 30% of the sp 2 bonds from the GO and/or M13 are modified to a certain stiffness. 
